Sports and physical activity are widely recommended, both as guidelines and in clinical practice, because of their broad range of positive effects on health, depression, anxiety, and psychological well-being. While several studies have examined the anti-depressive and anxiolytic effects of physical activity in clinical populations, and fewer studies have focused on the nonclinical populations, the relationship between tennis and well-being has not been clearly investigated. This study was carried out with 76 student volunteers from Kocaeli University (Turkey) who had chosen tennis lessons as their University. The tennis exercise program consisted of 90-minute basic tennis skills lessons for 13 weeks. At the beginning and at the end of the study, the students were given the Symptom Checklist-90-Revised (SCL-90-R), the Beck Anxiety Inventory (BAI), and the Beck Depression Inventory (BDI) scales, and were evaluated by the DeWittDugan Tennis Service Test, the DeWitt-Dugan Speed Test, and the Dyer Backboard Tennis Test. Upon evaluating the students' pre-and post-test scores, we concluded that their BDI and BAI scores had significantly decreased, with the most significant decreases seen in several sub-scores of the SCL-90-R; their tennis skills, meanwhile, increased significantly. This study shows that partaking in tennis exercise once a week decreases depression and anxiety symptoms and enhances well-being in healthy young people.
Introduction
Well-being is a multifaceted concept that includes psychological, social, and physical components. Operationally defining psychological well-being is difficult because of this multifaceted nature. As Brown states, psychological well-being may be related to self-esteem, cognitive functioning, personality, and mood, including positive affects such as happiness, vigor, and morale, and negative affects such as anxiety and depression. 1 No study can realistically include the entire spectrum of this concept. 2 One aspect of psychological well-being may be defined as the absence of negative psychological symptoms such as anxiety, depression, anger, and hostility; therefore, any approaches that contribute to decreased levels of anxiety, depression, and other psychological symptoms are thought to extend psychological well-being. 3 The practice of a sport, because of its broad range of positive effects on health and psychological well-being, is often prescribed for overall physical fitness, and is also widely used as part of physicians' clinical practice in healing patients. 4, 5 Researchers generally believe that physical activity has a positive effect on mood and anxiety. Intervention studies have described the anxiolytic and anti-depressive effects of exercise in healthy subjects and patients. 6 Many meta-analytical studies and reviews have demonstrated the benefits of exercise on anxiety in both clinical and nonclinical populations. World Health Organization (WHO) suggests regular exercise for both clinical and nonclinical populations to enhance well-being and health in all of its physical, social, and psychological aspects. 7 The healing effects of exercise are widely accepted, and affiliated with its ability to regulate serotonin, dopamine, and noradrenaline levels in the brain, increasing the brainderived neurotrophic factor (BDNF) levels, and controlling effect on oxidative stress. It is recommended as a complimentary treatment choice in depression and anxiety disorders. [8] [9] [10] Recently, in terms of health benefits, questions have been raised about the amount and type of exercise, the frequency, the length of the exercise session, and which kinds of sports. Researchers have examined aerobic sports versus anaerobic sports, low-intensity versus high-intensity sports, and low-frequency versus high-frequency sports, as well as surfing, stretching, walking, dancing, etc.
Tennis is a sport with numerous health benefits for individuals of all ages. It is also a tremendously effective fitness activity. Regular participants experience a wide variety of health-related physical and mental benefits, ranging from improved cardiovascular, metabolic, and bone health to improved agility and coordination, and even stress and anxiety management. Tennis both challenges and builds an individual's aerobic and anaerobic conditioning, and also requires tremendous muscular strength and endurance. 11 According to Finn, 12 compared with other athletes as well as non-athletes, tennis players scored higher in vigor, optimism, and self-esteem, while scoring lower in depression, anger, confusion, anxiety, and tension. Tennis outperforms golf and most other sports in developing positive personality characteristics. 13 While many studies have proclaimed the anti-depressive and anxiolytic effects of different kinds and doses of physical activity for clinical populations, [14] [15] [16] the benefits of physical activity, and specifically tennis, for reducing depression and anxiety in nonclinical populations have not been promoted to the same extent. 17 WHO states the importance of wellbeing in non-clinical populations, especially in young people, and emphasizes that interventions with youth can positively influence mental health and reduce risk factors as well as emotional and behavioral problems. 18 In this study, we hypothesized that tennis may have an healing effect on psychological symptoms in young students. We investigated the question of whether tennis has beneficial effects on depression, anxiety, and general psychological improvement in a nonclinical population of young people.
Materials and Methods

Participants
This study was conducted with 80 students from Kocaeli University who chose tennis lessons among their elective activities. All of the students were volunteers, but 4 of the students (2 males and 2 females) did not completely participate in all of the training sessions. So they were excluded from the study. 76 students Faculty of Physical Education and Sports, none had any professional background in sports, and none had any previous training in sports. None of the students were enrolled in any additional sporting sessions during the study.
Procedure
The students were given a Symptom Checklist-90-Revised (SCL-90-R), the Beck Anxiety Inventory (BAI), and the Beck Depression Inventory (BDI) at the beginning of the study. Based on the information we obtained from the interviews, none of the students had psychiatric diagnoses, and none were receiving active psychiatric treatment.
Students completed the BAI, BDI, and SCL-90-R prior to participating in any physical activities. Basic tennis training then started. This training consisted of 90-minute lessons held once per week for 13 weeks at the Kocaeli University Physical Training and Sports High School Tennis practice room. The lessons began with stretching for 5 minutes and jogging for 10 minutes, followed by 75 minutes of sportive activity based on tennis skills. Forehand, backhand, and basic service skills were practiced at every lesson during the basic tennis training. The participants' tennis skill tests were evaluated before and after the study.
Official approval was obtained for the study from the Kocaeli University Ethical Committee. All volunteer students who did not have a known psychiatric-somatic illness were accepted for the study. All of the students were informed about the process, measurements, and rules of the study, and they all provided their oral and written consent to participate.
Instruments
The instruments used for the study were selected by analyzing previous studies about sport, well-being, and psychiatry/psychology; scales that are widely used in the assessment of psychiatric/psychological symptom severity in clinical populations, and in epidemiological studies in nonclinical populations, were preferred.
Psychometric tests Symptom Checklist-90-R
The SCL-90-R was developed by Derogatis, and colleagues in 1973. The SCL-90-R was normed using 4 groups of psychiatric, non-psychiatric, and adolescent individuals, for a total of 3092 participants. Reliability assessment of the subscales has yielded internal consistency estimates ranging from 0.77 to 0.90 and testretest estimates ranging from 0.78 to 0.90. 19 Later, it was adapted into Turkish by Kılıc; 20 in addition, Dag performed the validity and reliability studies of the SCL-90-R test with the Cronbach's alpha value=0.97, and the testretest reliability of the subgroups was 0.65, 0.87, and 0.90. 21 The SCL-90-R consists of 10 factors of somatization (12 items), obsessivecompulsive symptoms (10 items), interpersonal sensitivity (9 items), depression (13 items), anxiety (10 items), anger/hostility (6 items), phobic anxiety (7 items), paranoid thoughts (6 items), psychoticism (10 items), and additional scales (insomnia, anorexia, guilt) (7 items). The total score from a subgroup was then divided by the number of items included in that subgroup to obtain the subgroup score.
Beck Depression Inventory
Participants' emotional levels were assessed using the Turkish version of the BDI, which is a 21-question multiple-choice self-reported inventory, and one of the most widely used instruments for measuring the severity of depression. Its development marked a shift among health care professionals, who had until then viewed depression from a psychodynamic perspective, rather than viewing it as being rooted in the patient's own thoughts. Each answer to the 21 questions is scored on a scale value of 0 to 3. Higher total scores indicate more severe depressive symptoms. 22 The internal consistency has been confirmed by numerous studies in psychiatric and non-psychiatric samples. Most of the researchers report alpha-coefficients that are on average higher than 0.75. According to Richter, the average coefficient for psychiatric samples amounts to 0.88, and the corresponding score for the non-psychiatric samples is 0.82. 23 Hisli and later Kapci conducted a study on the Turkish version's reliability and validity, with a Cronbach's alpha value=0.80. 24 , 25 
Beck Anxiety Inventory
The BAI is a 21-item inventory designed to assess levels of anxiety. 26 It measures physical, emotional, and cognitive aspects of anxiety and fear of losing control. The score for each item ranges from 0 to 3. The maximum score on the scale is 63, with 0-7=minimal level of anxiety; 8-15=mild anxiety; 16-25=moderate anxiety; and 26-63=severe anxiety. Its original version by Beck had internal consistency with a Cronbach's alpha value of 0.92, and a retest reliability coefficient of r=0.75. Ulusoy and colleagues conducted a validity and reliability study of the Turkish version of the BAI, and found that it was applicable to the Turkish population. 27 Tests used to measure basic tennis skills
DeWitt-Dugan Tennis Service Test (Service T)
In this test, the subject had 10 service throws in accordance with the rules. If the throw was successful, it was given one point. If the throw was made in accordance with the rules, but not recorded as a hit, it was granted half a point. The total score was determined from the total points scored at the end of 10 throws. 28 
DeWitt-Dugan Speed Test (Speed T)
In this test, the subject hit the ball against a wall for 1 minute, using any hitting technique. There was a minimum 3 meters of distance between the subject and the wall; the score was determined by the number of balls that hit the wall during this time. 28 
Dyer Backboard Test
As devised by Dyer in 1935, this test consists merely of bouncing a tennis ball above a specified line on a wall for a 30-second period. This rally was initiated 6.09 m from the wall, and only those shots that hit the wall above a 91.5-cm-high line (representing the net) were counted. Once the rally was started, students could move as close to the wall as they wished. In 1938, Dyer revised the test by adding a restraining line 1.5 meters from the wall. 29 
Statistical analysis
Statistical analysis was conducted using the statistical packet program SPSS v.17.00 for Windows XP. Groups were controlled with Levine's test for homogeneity, and the comparison of continuous variables was performed with independent samples using a Student's ttest. Categorical variables of the students (such as gender) were compared with the chisquare test between groups, and numerical variables (such as test scores) were compared with the Student's t-test. In addition, repeated measures of ANOVA analysis were used to minimize the Type I error. The significance level was set at P<0.05.
Results
This study was conducted with university students; no significant differences were observed between the genders in terms of tennis skills, BAI, BDI, or SCL-90-R scores (P>0.005). In order to test our assumption that anxiety and depression scores would decrease after tennis training, pre-and post-test scores were compared as independent samples. Upon evaluating the pre-and post-test scores with a Student's t-test, we found that tennis skills significantly increased, and BAI and BDI scores significantly decreased (P<0.005; Table 1 ).
We also assumed that scores of general psychopathology, which we measured with SCL-90, should become lower after tennis training. Evaluations of the general symptoms of the students were conducted with the Student's ttest; the SCL-90-R scores were calculated separately for subgroups and total scores. We found significant differences for all of the scores before and after tennis training; the scores after tennis training were significantly lower (Figure 1) .
During repeated measures, the ANOVA test found that decreases in the BAI scores were significant in double measurements (pretest/post-test) (F=4.386, P=0.040); the decrease in BDI scores was also significant (F=9.070, P=0.004).
Repeated measure analysis was also conducted for subscales of SCL-90; decreased somatization, obsessive-compulsiveness, hostility, and psychoticism scores were not significant (P>0.05). Changes in the scores of interpersonal sensitivity (F=7.529, P=0.008), depression (F=5.437, P=0.022), anxiety (F=5.750, P=0.019), phobia (F=9.060, P=0.004), paranoid thoughts (F=4.176, P=0.045), and additional factor scale (insomnia, anorexia, guilt; F=15.579, P=0.000) scores were significant. Total SCL-90-R scores were also evaluated, and the change was significant (F=9.644, P=0.003). The significant scores are flagged in Figure 1 .
The reliability of the measurements for the current study was calculated with the current sample, with a Cronbach's alpha=0.914 for BAI, 0.851 for BDI, and 0.967 for SCL-90-R, respectively.
Discussion
This study showed that BAI, BDI, and total SCL-90-R scores (and all sub-scores) among university students decreased with basic tennis training that took place for 90 minutes per week for 13 weeks.
In previous studies, the dose and types of exercise, its frequency, duration, length of the exercise session, and kinds of sports were investigated. Aerobic sports versus anaerobic sports, low-intensity versus high-intensity sports, and low-frequency versus high-frequency sports, as well as surfing, stretching, walking, dancing, etc. have been examined. This study presents tennis, at 90 minutes per week for 13 weeks, as a sport with healing properties.
Anxiety-tennis relationship
We found that the anxiety scores that were measured before sporting activity significantly decreased after a 13-week sport training and exercise program. An investigation was performed into the ways in which exercise programs need to be designed in order to exert the largest anxiolytic effect. The duration of the programs, weekly frequency of exercise sessions, and session lengths were discussed. There have been varying recommendations for the duration of programs. Some authors have suggested that the duration of the intervention is not a variable for the anxiolytic effect of exercise, and others have declared variable lengths as the optimum. Programs of 3-12 weeks were reported to have the largest effect sizes. 7, 30 Regarding the frequency of exercise, generally 3 to 4 sessions per week has been shown to be most effective, but some studies recommended 3 to 5 times per week. The length of time spent per session is also shown to be important, but there is uncertainty in this area as well. 17, 7 The average length in studies that found significant effects was 106 min per week (60-125 min per week). 31 Generally, recommended length ranges vary between 20 to 90 minutes. 7 The average duration of intervention in studies that found significant effects was 12.8 weeks (1-20 weeks) . 32 However, in general review of the extant studies, no standard recommendations for practice can be given. 7, 32 The present study seems to be similar in terms of duration (weeks) and length (minutes) of the exercise in the literature, but the frequency is different. This study provides an alternative choice of exercise to previous studies.
Depression-tennis relationship
In our study, the BDI scores (which were determined before the tennis program) significantly decreased after the program. Many studies of exercise programs have shown that sport and exercise can significantly decrease depressive scores, and there are many reviews and meta-analyses that show the healing effect of exercise on depressive symptoms, both in healthy volunteers and in depressive people; however, the kind, duration, and frequency of the exercise is still in question. 7 To our knowledge, however, studies on the effect of tennis on depression in healthy individuals are limited.
Durations have been studied in a wide range, from under 12 to over 26 weeks, and a medium program of 10-16 weeks is recommended for depressive symptoms. 30, 33 When the frequency of exercise sessions have been investigated, some authors recommended a medium frequency of exercise 3 or 4 times a week, and the American College of Sports Medicine recommends 5 times per week. 7 Length of the sessions generally varies from 20 to 90 minutes in studies. In addition, aerobic and anaerobic exercises have been compared in studies, and larger effect sizes in lowering depressive symptoms were observed for aerobic compared to other types of exercise. 33 For instance, a study by Roth and Holmes, working with 1051 students, had one group of students engage in aerobic exercise while another group engaged in relaxation training. The researchers worked with both groups for 30 minutes 3 days per week for 11 weeks; they determined that BDI scores decreased in the aerobic exercise group, and that the aerobic exercise was more effective in reducing the depressive symptoms when compared to the other group. 34 Another study had individuals performing programmed aerobic walking exercises, with pre-and post-testing compared to a control group. According to the BDI scores, having performed walking aerobic exercises, there were significant differences between the experimental and control groups, and the exercise group showed less depression after the exercise. 35 It is generally believed that tennis both challenges and builds an individual's aerobic and anaerobic conditioning, and also requires tremendous muscle strength and endurance. 11 Our results also show that, like other physical activities, tennis is successful in reducing depression scores. Previous studies show that exercise has the effect of regulating serotonin, dopamine, and noradrenaline function in the human brain, changing levels of endorphin, anandamide, and cortisol, restoring limbic structures that have been negatively implicated in depression, and increasing BDNF level. 7, 36 Tennis is a kind of exercise, and may have a similar effect mechanism. This may mediate its lowering effect on anxiety and depression scores. The mechanisms of effect of tennis on mood require further study.
Article
General health subtitles
SCL-90-R scores show the severity of general psychological symptoms of a subject; in our study, we found significant decreases in both total scores and sub-scores following a 13-week program of exercise and tennis skill training. In repeated measures testing, decreases in the scores of interpersonal sensitivity, depression, anxiety, phobia, paranoid thoughts, and additional factors scales (insomnia, anorexia, guilt) were significant, as were total SCL-90 scores. This suggests that sports leads to an integrated recovery in mental health in the symptom group, as is the case with depression.
One study assessed differences in psychological well-being between wheelchair-bound basketball participants and non-participants with self-report questionnaires (SCL-90-R), and showed significant overall differences between the two groups. The SCL-90-R scores were significantly lower for the basketball group in the following six symptomatic dimensions: depression, phobic anxiety, sleep disorders (P<0.01 for all), and somatization, interpersonal sensitivity, and psychoticism (P<0.05 for all). No significant differences were found in the anxiety, obsessive-compulsive disorder, hostility, and paranoid dimensions. 37 Similarly, other studies have found that exercise reduces some or all dimensions of the SCL-90-R scores among blind Torball players, 37 postmenopausal women, and cancer patients undergoing chemotherapy. 38, 39 This study presents tennis, with its healing effect, in an integrative manner, as judged by anxiety depression and sub-scores on the SCL-90 for interpersonal sensitivity, depression, anxiety, phobia, paranoid thoughts, and additional factors scales (insomnia, anorexia, guilt). The study is conducted with young healthy university students. Young people are at risk of anxiety and depression, and need to cope with stressful life events as well as the stress of lessons and exams. 18 According to our results, we can say that playing tennis may contribute to enhancing the well-being of university students. Integrative approaches that include sport lessons for all the programs, even if the curriculum of the program is not related with sports, may be recommended to schools. Of course, this study highlights tennis as a recommendation with its results. In addition, we think that tennis will find a place in recommendations of clinicians for other non-clinical and clinical populations for healing psychological symptoms and enhancing well-being. Future studies may provide different duration and frequency options in different populations.
We want to highlight once a week exercisespecifically tennis as a sub result of this study, which should be discussed and investigated in further studies.
The limitations of the study include the small sample size, and the self-reported rating scales rather than face-to-face psychiatric examinations. In addition, the study group was based on students who elected to take tennis, so there may be a self-selection bias. The strength of the study is its prospective design, which presents psychological measurements for a nonclinical population, as well as the fact that the subjects did not have previous training in sports, which may provide a clearer look at the effect of tennis. This study suggests that participating in a sport (and specifically tennis) once weekly for 90 minutes for 13 weeks has a beneficial effect on psychological wellbeing among young university students.
Conclusions
This study brings about discussion of the topics on the relationship between sport and mental health. First, this study confirms a wellknown reality that sports increase well-being in individuals, but it differs from most previous studies in that it demonstrates the beneficial effects of tennis in a nonclinical group of young people. According to our results, its effects are beneficial in reducing depression, anxiety, and general mental health symptoms among young people. As a second conclusion, this study presents an alternative answer to the question of what length, duration, and frequency of participating in sport is beneficial for improving psychological symptoms; it suggests that 90 minutes of tennis training once per week for 13 weeks is effective in decreasing various psychological symptoms.
